Results All intra-observer and inter-observer log-transformed differences were normally distributed. There was no systematic bias between the two observers.
Introduction
Three-dimensional (3D) ultrasound imaging has recently become available for clinical sonographic diagnosis. In theory, 3D ultrasound should provide more accurate volume measurements than conventional two-dimensional (2D) ultrasound [1] [2] [3] . One of the latest technical achievements in the field of ultrasonography is 3D imaging combined with power Doppler. It provides a possibility to quantify power Doppler signals in the whole target organ. This is in contrast to 2D ultrasound, where information on vascularisation is restricted to one subjectively chosen 2D plane. 3D power Doppler ultrasonography might be a more appropriate method for semi-quantification of blood supply to an organ than 2D power Doppler ultrasonography. Thus, 3D power Doppler ultrasound may be a suitable tool for studying cervical vascularization during pregnancy, provided that results are reproducible.
The aim of this study was to determine the inter-observer and intra-observer reproducibility of cervical volume calculations and quantification of power Doppler signals in cervical volumes obtained during 3D scanning of the cervix in pregnant women.
Subjects and methods
The study protocol was approved by the Ethics Committee of the Medical Faculty of Lund University, Sweden. Informed consent was obtained from all participants, after the nature of the procedures had been fully explained.
Pregnant women who voluntarily participated in another research project, which included 3D ultrasound examination of the cervix, were asked to take part. All women were eligible provided that the two ultrasound examiners of the project were available to examine them. Eighteen nulliparous and fourteen multiparous women agreed to participate and were examined as described below. Their mean age was 31 years ± 4.2 (standard deviation, SD) range 21-39. They were examined at a mean gestational age of 28 weeks ± 7.3, range 17 -40.
None was in labor at the examination.
Equipment
The equipment used was a Kretz Voluson 730 ultrasound system (General Electrics, Zipf, Austria) equipped with a 2.8-10 MHz transvaginal transducer. We used a 146° field of view.
Identical pre-installed ultrasound settings were used in all women. The Power Doppler settings used were: frequency 3 -9 MHz, pulse repetition frequency 0.6 kHz, gain -5.0, wall motion filter "low 1".
Study design
The study design is shown schematically in The women were examined in the lithotomy position with an empty bladder. The ultrasound probe was slowly introduced into the vagina and care was taken to avoid undue pressure on the cervix. After a satisfactory gray scale image of the cervix had been obtained, the probe was withdrawn until the image became blurred. Then the probe was gradually advanced again with only enough pressure to restore a satisfactory image. A sagittal view of the cervix where the internal os, the cervical canal and the external os were all seen at the 
Statistical analysis
Intra-observer repeatability was expressed as the difference between two measurement results obtained by the same observer. The difference between the first and second analysis of the first acquired volume was calculated as well as that between the first analysis of the first volume and the first analysis of the second volume ( Figure 1 ). The difference between the measured values was plotted against the mean of the two measurements to assess the relationship between the difference and the magnitude of the measurements. Limits of agreement (mean difference ± 2 SD) were calculated as described by Bland and Altman 6, 7 .
Systematic bias between the first and second analysis was determined by calculating the 95% confidence interval (CI) for the mean difference (mean difference + 2 standard errors, SE). If zero lay within this interval, no bias was assumed to exist. Intra-observer repeatability was also expressed as the intra-class correlation coefficient (intra-CC), variance components being estimated from different analysis of variance models 8 .
In all calculations used for determining inter-observer differences one measurement value per observer was used. These measurement values were: the mean of all four measurement results, the result of the first analysis of the first volume, the mean of the first analyses of the first and second volume, and the first analysis of each observer of the second volume obtained by Observer 2 (Figure 1 ). To assess systematic bias between the two observers, and to assess the relationship between the difference between their measured values and the magnitude of the measured values, the differences between the measurements of the two observers were plotted against the means of the measurements obtained by both observers 6 . Bias between the two observers and limits of agreement were calculated as described above for intra-observer reproducibility. Inter-observer agreement was also expressed as the inter-class correlation coefficient (Inter-CC) 8 , variance components being estimated by analysis of variance as described above.
Because all intra-observer differences increased with the magnitude of the measurements values, the values were subjected to logarithmic transformation, whereupon the correlation 
Results
Measurement results (absolute values and log-transformed values) are shown in Table 1 .
The log-transformed values were normally distributed.
Intra-observer reproducibility is shown in Tables 2, 3 and 4. All intra-observer differences were normally distributed. There was no systematic bias between any paired measurements results.
Inter-observer reproducibility is shown in Tables 5, 6 , 7, 8 and 9. All inter-observer differences were normally distributed. There was no systematic bias between the two observers.
Both intra-and inter-CC values were high for all variables except FI. Limits of agreement were wide, especially for VI and VFI. Acquisition explained most of the intra-subject variance in flow indices.
Discussion
The intra-CC and inter-CC indicate the proportion of the total variance in measurement results that can be explained by differences between the individuals examined. A high intra-CC or inter-CC indicates that the measurements can be used to discriminate between individuals. Values for inter-CC and intra-CC from 0.75 to 1.0 are said to be acceptable 9 . The more variable is the population investigated, the greater are the intra-CC and inter-CC, and the less variable the population is, the smaller are the intra-CC and inter-CC. Therefore, not only should the intra-CC and inter-CC be used to indicate agreement, but also the absolute variance (or standard deviation) of the differences should be taken into account 7 .
The high intra-and inter-CC values in our study reflect the substantial variability of our study population. The wide limits of agreement show that our measurement results were not precise, in particular the Doppler results were imprecise. Both in our study and in a study were also emphasised by another research team who studied cervical volume using 3D ultrasound 13 . However, after some training it is possible to get satisfactory results, as illustrated by the reasonably acceptable reproducibility of cervical volume calculations in our study.
Given the wide range between the upper and lower limits of agreement, it would probably be impossible to detect small true intra-individual changes in cervical volume or cervical flow indices in a longitudinal study where replicate measurements were to be taken by the same observer or by different observers. It would also almost certainly be impossible to detect anything but large differences between two or more study populations. The magnitude of clinically important changes or differences in cervical volume or cervical flow indices is currently unknown. Because acquisition contributed most to the intra-subject variance, the average of several repeated acquisitions should be used to enhance measurement reproducibility. However, it is not worth doing more than one analysis of an acquired volume, because the effect of analysis on measurement results is small.
Figure1
Patient Observer Legends: Figure 1 Schematic drawing of the study design. To determine intra-observer reproducibility, the following differences were calculated: 1-1 minus 1-2 and 3-1 minus 3-2 (Table 2); 1-1 minus 2-1 and 3-1 minus 4-1 (Table 3) . To determine inter-observer reproducibility the following differences were calculated: 1-1 minus 3-1 (Table 5 ); (1-1 + 2-1)/2 minus (3-1 + 4-1)/2 ( Table 6 ); (1-1 + 1-2 + 2-1 + 2-2)/4 minus (3-1 + 3-2 + 4-1 + 4-2)/4 ( Table 7) ; In addition observer LR also analysed 4-1 (Table 8) . VOCAL TM is the commercial software used for calculation of volume and flow indices. 
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